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Abstract:- Since there is more space for the shift quality and transmission efficiency of conventional automated
mechanical transmission (AMT) to improve, a novel electric AMT with magnetic powder clutch (MAMT) was
proposed and studied in this project. The major technological problems of MAMT about control technology for
magnetic powder clutch and comprehensive shift rules were studied based on theoretical analysis and simulation
research. The fuzzy controller was designed, which realized the intelligent control for the engagement and
disengagement of magnetic powder clutch when the vehicle starts and shifts. The comprehensive shift rules were
created based on fuzzy reasoning and weight method. The simulation model for the whole vehicle was built and the
off-line simulation was carried out. The simulation results obtained by 15-condition method showed that the built
simulation model for the whole vehicle was correct. The simulation results of continuous upshift with 80% throttle
opening showed that the control model for the magnetic powder clutch was reasonable and the shift quality was
improved. The simulation results for fundamental shift rules and comprehensive shift rules with the specific vehicle
speed and the throttle opening showed that the comprehensive shift rules created in this paper can reduce the
shifting frequency and improved the shifting quality.
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1 Introduction smooth operation'. A magnetic clutch was previously

Developing small passenger cars and economy cars and ~ Proposed in literatures of [3-4], which can effectively
reducing energy consumption of the car are the current ~ achieve rapid and reliable separation and engagement,
trends for the auto industry. Transmission technology is ~ ©Ptain optimal slip torque and improve engine life. The
one of the core technologies to improve the fuel ~ Ways and methods to improve the magnetic clutch

economy and the comfort of the vehicle and so on, and ~ Performance were studied for the low torque
its developing direction is the automatic transmission, ~ transmission capacity of the magnetic powder clutch

Clutch control is always the core and the difficulty in  for domestic cars!”?. . .
the study of automatic transmission control. Since there is more space for the shift quality and
The friction clutch and hydraulic torque converter ~ transmission efficiency of conventional automated
are the current commonly used clutches for the vehicle, ~ Mechanical transmission (AMT) to improve, a novel
Friction clutch is widely used in manual mechanical ~ ©léctric AMT with magnetic powder clutch (MAMT)
transmission. While in the automatic transmission, it is WS Studied in this project. The major technological
complex to control for it need the additional servo ~ Problem of the novel AMT about control technology
mechanism to control clutch. Hydraulic torque Of magnetic powder clutch and comprehensive shift
converter has problems of complex structure, high cost, rgles w_|II be studied based on theoretical analysis and
low transmission efficiency and so on, so it is not ~ Simulation research.
suitable for mini cars™. ) .
The magnetic powder clutch for the vehicle isanew 2 Dynamic model for the transmission
type power transmission member. It has the advantages system of the whole vehicle

of smooth engagement, easy to control, torque 1 giatic characteristics of the magnetic
transmission wide range and has nothing to do with the powder clutch

slip, fast response and so on. And it adapted to the The characteristic curve of the magnetic powder clutch

working characteristics of vehicle driveline, which as shown in Figa 1% The corresnonding. relationshi
ensure the vehicle to operate with high efficiency and w wn in Fg. 1+ ponding : P
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between exciting current and exciting current density
was listed in table 1. Because the working current was
higher most of the time and the small current lasts a
very short time, the line with small current may be
neglected and was fitted with a straight line. The fitting
equation was as follows:

T,=113i-27 (i>035A) (D)

where T, is the transmission torque of the magnetic

powder clutch in N.m and i is the exciting current in
A(mpers).

Considering the starting characteristics of the
magnetic powder clutch has transient response delay,
and its small working current lasts a very short time,

the torque is thought to be zero if i < 0.35A.
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Fig.1. Static characteristics of the magnetic powder
clutch
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Table 1 Corresponding relationship between the
exciting current and exciting current density

exciting current density exciting current /A

I(A/mm?)
1 0.27
2 0.53
3 0.8
4 1.07
5 1.33

2.2 Dynamic equation of the magnetic powder

clutch
Dynamics equation for the driven part of magnetic
powder clutch when the vehicle starts is expressed as
follows!™:

Lk (2)

igion

dao,

J — —
dt

C

c
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where J_ is the equivalent moment of inertia of the
clutch driven part, @, the angular velocity of the clutch

driven part, T_ the torque transmitted by the clutch, T,
the resistance torque of the vehicle, 77 the mechanical

efficiency of the transmission system, i_ the speed

g
ratio when the vehicle starting, i, the speed ratio of the
main reducer.

Dynamics equation for the active part of clutch is
written as follows:

i do,
dt
where @, is the angular velocity of the engine, T, is

=T -T, (3)

the output torque from engine, and J, is the engine

output shaft rotation inertia.

There are two evaluation indexes for vehicle starting,
i.e. impact and friction work. The impact, j , is
expressed as follows:

. da d%

1=t " ae
where a is the longitudinal acceleration of the vehicle
andV is the speed of the vehicle.

The output torque from the driven part of the
magnetic powder clutch is a function of excitation
current, which can be expressed as equation (1). An
approximately linear relation between the output torque
and the exciting current is observed. Based on (2) and
(4), the following can be obtained as:

. divr o dT

(4)

C
dt? Jcigio dt
where r is the working radius of the driving wheel.
According to equations of (2), (3) and (4), when the
vehicle starting, the speed of the clutch drive part
decreases, the speed of driven part rises and they
ultimately achieve synchronization. The
synchronization time depends on the output torque of
magnetic powder clutch. The impact depends on the
excitation current change rate of magnetic powder
clutch in synchronous time.
The friction work for vehicle starting process, L, is
expressed as follows:

L= J;Tca)cdt + fz T, (o, —o,)dt

(5)

(6)

where t, is the time that the output torque of clutch

rises from zero to the resistance moment, t, the time

that the driven part of clutch begins to rotate until its
speed equals to that of the driven part.
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The working state of the magnetic powder clutch is
composed of locking state and non-locking state!*?.
(a) locking state:

a)c—out = wc—in
Tc—out :Tc—in (7)
‘]c—out = ‘]c—in + ‘]c

where @, ;, is the input speed of the model, namely,

the speed of the input shaft in rad/s; @, is the output

speed of the model, that is, the speed of the output shaft
in rad/s; T_, is the input torque of the magnetic
powder clutch in N.m; T___, is the output torque of the
magnetic powder clutch model in N.m and it is passed

directly to the transmission model; J__,. is the moment
of inertia of the clutch model in kg.m* J_, is the
output moment of inertia of the magnetic powder
clutch model in kg.m? J_is the moment of inertia of

the magnetic powder clutch in kg.m?.
(b) Non-locking state:

= [T T

—in

Tc—out = min (Tc ’Tc—in ) (8)
‘]c—out = Cc X ‘]c—in + ‘]c

where K is the integral initial values; C, is the control
instruction of the magnetic powder clutch and its value
is calculated by the control strategy module. C,

represents the working state of magnetic powder clutch
and its values range is [0, 1]. 0 means completely
separation, 1 means locking state, and values between 0
and 1 means the joint degree of magnetic powder
clutch in a slip state.

2.3 Engine model

The power performance and fuel economy of vehicle
mainly depend on the service performance of the
engine. The best shift schedule can be mapped out by
fitting service performance curve and building its
mathematical model. The working process of the
engine is complex, its mathematical model relates to a
large number of differential equations, so it is not

feasible to describe it with simple mathematic formulas.

The most commonly used method of building
mathematical model is to construct the relationship
between the output torque and the throttle opening as
well as the engine speed by using the characteristics
test datum of the engine in a steady state.

According to the engine performance test method,
the engine bench test can be done to acquire the test
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datum. Four polynomial methods may be used to fit the
torque characteristics of the engine and construct the
numerical model of the relationship between engine

torque T, and the throttle opening « as well as the

engine speed N, . Four polynomial expression about the

torque , the throttle opening and the engine speed is

shown as following:
T.=an'+a,n’+an’+a,n (0
+ha' +b,a® +ha’ +ba +c

where @, , b and c are the fitting coefficients. The

output torque can be obtained based on the engine
speed and the throttle opening. The relationship
between the engine power and the specific fuel
consumption with different engine speed can be
obtained according to the engine load characteristic.
The engine load characteristic curve was shown in
Fig.2.
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Fig.2. Engine load characteristic curve

2.4 Transmission model

Transmission is mainly used to change the speed ratio
to adjust the output speed and the torque of the engine.
The characteristic equations are shown as follows:

Tout = 77T| T

g in
n, =iyn

(100

out

where n, and n,, are the input speed and the output

out
speed of the transmission respectively; T, and T, are
the input torque and the output torque of the
transmission respectively; ig is the transmission ratio;
1, is the transmission efficiency.

The main technical parameters of the transmission
are shown in table 2.

Table 2 Main technical parameters

Parameter Value
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maximum input torque 115N.m
maximum speed 6000 r/min
center distance 72mm

1 2 3 4 5
355 205 135 1 0.769

speed ratio of shift

2.5 Vehicle dynamic module

The longitudinal dynamic model of the vehicle was
built to calculate the longitudinal acceleration, velocity
and displacement based on vehicle driving force and
driving resistance forcel*. The driving resistance force
is composed of rolling resistance force, air resistance
force, climbing resistance force and so on.

2.5.1 Driving force of vehicle
Driving force of vehicle is expressed as following:
F = T _ Tlglon
r r
where T, is the driving torque that works on the
driving wheel, r the rolling radius of the wheel, 77 the
mechanical efficiency of the transmission system,

i, the transmission ratio, i, the main reducer

transmission ratio.

(1D

2.5.2 Vehicle driving resistance force
The vehicle longitudinal resistance force includes
rolling resistance force F, ,air resistance force F, ,

acceleration resistance force F; and climbing

resistance force F . Its expression is shown as below:
Y F=F +F,+F +F (12)
F, is related to the tire load, the type and the

pavement condition. Its expression is shown as below:
F, =Gf cosé (13

where G is the total weight of the vehicle in N, f the

rolling resistance coefficient, and 6 the ramp angle
respectively.
F,, is expressed as below:

C,ApV?
F,=—" 2p (14)
where C, is the air resistance coefficient; Ais the

automotive frontal area inm?; p is the air density

inkg/m®and v is the running speed of the vehicle in
m/s.
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F,is expressed as below:

Fj =5mﬁ
dt

where ¢ is the vehicle rotary mass coefficient and m
is the vehicle quality in kg.
F. is expressed as below:
F =Gsiné (16)
The vehicle acceleration of a is shown as below:
dv_F-F-F-F,

(15)

a=—-= 17
dt om
vehicle speed is expressed as below:
t
v=[adt (18)
0
3 Shift rules

The shift rule is used to determine the shifting time of
vehicles, and it can reflect drivers' handling intention
and fit different running environment. The shift rule
directly influences the dynamic performance, economic
performance and emission performance of the vehicle.

3.1 Fundamental shift rules

Vehicles operate with different state parameters, and
the optimal shift schedule of vehicles is determined
according to certain principles of performance
parameters optimal. Many vehicles select best shift
timing when the vehicle operates on the best power or
economy performance. The following will pay more
attention to introduce the process of establishing
optimal power performance shift schedule.

To ensure optimum dynamic performance of
vehicles, the intersection of two adjacent gear
accelerations should be selected as the best dynamic
shift points in a dynamic operation condition. The
intersections of two adjacent gear accelerations with
different throttle opening were connected and form a
curve, and the curve is just the optimal dynamic
shifting characteristics. If it was converted to its
corresponding «—v curve, we will get the best
dynamic up-shifting schedule.

Based on the dynamic shifting schedule and vehicle
dynamic driving equations, the following equations can
be obtained as:

dVN,ozn — dVN +La, ( 19)
dt dt

dVN,a g
dt 5,6 [Pty =Fo=F=F¢]

J
5, =1+ ggz vy 9(‘(]39;/1) 2y 2D

(20)
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where v, , and v are the vehicle speed of the Nth

N+1Le,
gear and N+1th gear respectively when the throttle
opening is «, ; J, Is the rotary mass coefficients of

Nth gear affected by the engine characteristics; Fy , ,

is the vehicle driving force of the i gear; J, and J,

are the inertia which connected to the engine flywheel
and the rotational inertia of the wheel respectively; 4 is
the decreasing coefficient of the engine in a unsteady

state engine, and i, is the transmission ratio of the

Nth gear.

The optimal dynamic up-shifting curve can be
obtained by solving above equations. The solved curve
is as shown in Fig.3. In the practical application, it
should be considered that a slight speed decline caused
by the power interruption for shifting. The rate of

decline differs with the vehicle speed.
100%

L. / / / v
2240% / //

1777
{1

50

100
vehicle speed’ km'h

Fig.3. Optimal dynamic up-shifting curve
The drop point is selected and calculated based on its
regular up-shifting schedule and selection of
convergence degree, and 5km/h is selected in this
paper. And at the same time, down-shifting speed of
the N gear must be equal to or greater than the
minimum speed of the N gear to prevent engine to

misfire.

150

3.2 Comprehensive shift rules

The outlined above about the fundamental shift rules
is based on dynamic principle, which consider more
about optimal performance area in a steady state for the
engine and can not meet the requirement for driving. In
this paper, the revised shift rules are formulated which
also consider the dynamic performance in a dynamic
operating condition and various influencing factors
about human-vehicle-road™. The influence of various
factors on the shift rules is as shown in Fig.4.
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upshift line

downshift line
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Fig.4. Influence of various factors on shift rules for
driver characteristics

Fig.5 is the diagram for fuzzy reasoning about
driving steering behavior  characteristic. The
recognition for driving steering behavior characteristic
is a fuzzy reasoning process. According to parameters
of throttle opening, throttle opening change rate and
vehicle acceleration, the driving steering behavior
characteristic is expressed by a quantifiable parameter
through fuzzy reasoning. This quantifiable parameter is
used to determine what type the driver is and then
revise the fundamental shift rule, thereby getting the
ideal control effect.

Throttle opening
D ——

Throttle OEening

change rate

Acceleration

Precision
process

Fuzyy
process

Fuzzy
" inference

Driver txpe

Fig.5. Diagram for fuzzy reasoning about driving
steering behavior characteristic

The shift rule for the running condition mode is
determined by adopting weight correction method.
Conditions meeting each shift mode are designed firstly
according to the measured parameters by sensors, and
then the weights of shift table for different modes are
determined. The weight with high priority is first
selected as long as it satisfied the shift condition. There
are three influence factors for the design of the weight.
They are shift process risk level, shift intensity and
vehicle performance influence factor. The influence of
each factor is evaluated and its weight is determined.
So the shift priority is then calculated and the
reasonable shift rules are obtained.

The calculation of the shift priority is based on the
expression of (22).

Q=) oxy
pe(1~10),y €(0~1)

(22)
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where ¢ is the shift influence intensity, w is the
influence factor weight, and Q is the shift priority
degree.

The shift rule can be determined according to the
selection logic for shift mode. Parts of the shift mode
priority and their calculation are showed in table 3.

Table 3 Shift mode priority

danger influence shift priority
shift mode intensity  factor intensity  degree

o v 9 w ¢ w Q
thermalmode 8 02 2 05 1 09 35 5
curve mode 6 02 3 05 2 09 45 4
uphill mode 4 02 4 05 3 09 55 3
dynamic

1 02 7 05 7 09 10 2
mode
economic

05 02 8 05 9 09 122 1
mode

Based on the design method for shift rules, the shift
rules for various modes can be worked out according to
the whole vehicle parameters. The shift rules for uphill
mode are as shown in Fig.6.
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Fig.6 Shift rules for uphill mode
4 Fuzzy control technology of the

magnetic powder clutch

Because of wvarious driving conditions, driver's
intention is not always constant .While the proportional
control strategy cannot be satisfied with the starting
requirement under various conditions, and fuzzy
control algorithm was widely applied to the start and
shift control of magnetic powder clutch for it can
adapted to complex conditions.

120 140 160 180
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4.1 Starting fuzzy controller for magnetic

powder clutch
The starting control strateg]y for magnetic powder
clutch is to realize two goals™:

The first goal is to ensure that the engine operates
stably. It needs to determine the initial excitation
current of magnetic powder clutch, which determines
the initial output torque for the engagement of
magnetic powder clutch. If the torque is lower than the
engine load, it is easy to cause too fast rise of the
engine speed and too large of speed difference, which
is not conducive to clutch synchronous. But if the
torque is larger than the engine load, it is easy to cause
the engine speed too low and even misfire. Therefore,
the initial excitation current should be determined
according to throttle opening signal and engine speed
signal. Because the engine speed may reflect the engine
load and influence the sliding friction work, the speed
is taken as the primary control parameter for the
engagement control.

The second goal is ensure the ride comfort of clutch
engagement. To achieve this goal, the growth rate of
the excitation current of magnetic powder clutch should
be controlled before it reaches the rated current.
Therefore the excitation current growth rate should be
determined based on throttle opening signal and speed
difference signal (An) of driving and driven parts of
magnetic powder clutch. If the throttle opening is small,
the growth rate of excitation current may be less and
the vehicle starts smoothly. When An reaches the
maximum value, the engagement impact may be the
largest. So at this time, the excitation current growth
rate should be decreased. Along with the reduction of
An | the excitation current growth rate will rise. When
An reduces to zero, the excitation current growth rate
may rise to the maximum with no impact.

The starting fuzzy controller for magnetic powder
clutch includes initial excitation current fuzzy
controller, and excitation current growth rate fuzzy
controller. The input variables of initial excitation
current fuzzy controller are the throttle opening « and

the engine speed n,, and the output variable is the
initial excitation current | . The input variables of the
exciting current growth rate fuzzy controller are throttle

opening « , the speed difference An of clutch drive
part and driven part, and the output variable is

excitation current growth rate | . The input variables of
o, n,and An are the 7-grade fuzzy set, and their

fuzzy subsets for &, n and An may be expressed as
a=n,=An={VS, §, LS, M, LB, B, VB}. The output
variables of | and are also the 7-grade fuzzy set, and
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their fuzzy subset for | and may be expressed as
I =1={VS, S, LS, M, LB, B, VB}. The used fuzzy
language control rules is if-then algorithm. The fuzzy
reasoning rules for the initial excitation current are as
shown in table 4, and the fuzzy reasoning rules for
excitation current growth rates are as shown in table 5.
Table 4 Fuzzy reasoning rules for initial excitation

current

o n I
VS VS

S S
LS LS
M M
LB LB

B B
VB VB
VS VS

S S

LS LS

M M
LB LB

B B
VB VB

Table 5 Fuzzy reasoning rules for excitation current
growth rate

o 4n |
VS VS
S S
LS LS
M M
LB LB
B B
VB VB
VS VB
S B
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LS LB
M M
LB LS
B S

VB VS

4.2 Shift process control for magnetic powder
clutch

Separation and engagement of magnetic powder clutch
are included in shifting process. In the shifting process,
the vehicle's power performance will suffer due to the
separation and engagement of magnetic powder clutch.
If the power interruption time is too long, the
acceleration performance and ride comfort in low gear
of vehicle will be affected. In addition, the automatic
control performance of magnetic powder clutch is
important for shifting schedule action in the shifting
process. The operation of magnetic powder clutch must
be coordinated with shifting action, which relates to the
real-time and accuracy for the shift process and is a
crucial part for the shifting research.

The separation control of magnetic powder clutch is
simple in the shifting process. When it need shift, the
magnetic powder clutch would be cut off the power and
the control current quickly dropped to zero.The
separation should be swift and sweeping so that cut off
the power transmission quickly.

The engagement control of the shifting is similar to
that of starting of magnetic powder clutch. The speed
of different driven parts does not increase gradually
from zero to the maximum. Therefore, the gear
engagement control strategy is consistent with that of
the starting. In the shifting process, the exciting current
and its change rate of magnetic powder clutch are also
controlled according to the parameters of throttle

opening ¢ , engine speed n, and speed difference An
between drive part and driven one of clutch.

5 Vehicle performance simulation

In order to verify the comprehensive shift rules for
MAMT and the fuzzy controller for the magnetic
powder clutch, the model of whole vehicle with
MAMT was set up. The model was simplified on the
premise of no influence on vehicle function. The
simplified simulation system includes the following
modules: the power transmission system module
C including engine, magnetic powder clutch and
transmission), the vehicle dynamics module, the best
shift schedule module, the magnetic powder clutch
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control module, driving condition module and driver
module.

5.1 Driving condition module

The selected running conditions for the performance
simulation of whole vehicle are 15-condition,
acceleration condition with throttle opening of 80% and
a certain random condition. The 15-condition method
includes four cycles, and the 15-condition curve is as
shown in Fig.7. Each test cycle includes 15 different
loads and speed such as idle, acceleration, constant
speed, deceleration, etc. The changes of vehicle speed
and throttle opening under a specific random condition
are shown in Fig.8.

50 —
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30 | | \ \

vehicle speed/ km/h
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0 | | i I'- 1 | | |
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Fig.7. 15-condition curve
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40t

vehicle speed/ km/h
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vehicle speed
———- throttle opening

0 20 40 60 80 100 120 140

time/s
Fig.8 Changes of vehicle speed and throttle opening
under a specific random condition

5.2 Driver module
The driver module include throttle controller module
and brake controller module®™. In this paper, PID
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controller is designed to control throttle. The throttle
controller can be expressed as follows:

{a =k (v, =)+ Kk [ (v, —v)dt

0<a<a,,

(23)

where «,,, iS the maximum opening of the throttle; v,
is the target speed; v is the actual speed; k, is the

throttle controller proportional coefficient; k;, is the

throttle controller integral coefficient.
The brake controller is expressed as follows:

d(v,—v
F, =k, (v, —v)+k, (vt—v)dt+kd2% o)
0< FﬂSFﬂmax

where F, is the braking force; k,, is the brake
controller proportional coefficient; k., is the brake

controller integral coefficient; k,, is the brake
controller  differential ~ coefficient; F, . is the

maximum braking force.

Some domestic economy cars was taken as the
research object in this paper, the main performance
parameters were as shown in table 6. The established
model of the vehicle using Matlab/Simulink is shown
in Fig.9.

Table 6 Main parameters of the vehicle

Parameter Value
Total vehicle mass /kg 1050
Frontal area /m” 19
Alir resistance coefficient 0.30
Tire rolling radius /m 0.292
Rolling resistance coefficient 0.014
Main reduction gear ratio 3.94
Engine displacement /L 1.2
Maximum engine torque /N.m 115
Moment of inertia of the engine /kg.m? 0.20
Moment of inertia of the clutch /kg.m? 0.034

o 1]0.0028
Transmission input shaft end of each gear
o ) 2]0.0033
inertia /kg.m

3] 0.0056
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4] 0.0086
5]0.0123
1] 054
o ] 2]0.24
Each gear transmission output shaft rotational 3] 0.16
inertia /kgm? '
4]10.13
5]0.11
Moment of inertia of the wheel /kg.m? 125
+ Pos_Twortie{%| | | E|
b 1 Lrmege] o= |
T [
o [

Fig.9. Established model of the vehicle using
Matlab/Simulink

5.3 Simulation results and analysis

The vehicle speed curve and gear shift curve of vehicle
with MAMT under a 15-condition are given in Fig.10.
By comparison, it is found that the simulation speed is
basically in agreement with the theory results. From the
gear shifting curves, we can see that when the MAMT
shifting from neutral gear to a new gear, there is
transient zero moment in the shifting process curve,
which conforms to the shifting specification.

20 vehicle speed r3
gear [
40
=
E: f -2
o 30
& g
In an
4 20
|7 -1
10 ‘
T T T 0
0 50 100 150 200
time/s
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Fig.10. Simulation curve of the vehicle with MAMT
under a 15-condition

The continuous upshift simulation curve of vehicle
with MAMT with a throttle opening 80% is shown in
Fig.11. The simulation results showed that it takes 14
seconds for the vehicle to accelerate to 100km/h, which
agrees with the actual situation. The shift impact degree
curve showed that the impact degree is maximal when
magnetic powder clutch releases, the impact degree is
minimal when magnetic powder clutch engages,
the absolute value of impact degree is less than its
maximum allowable value of 10m/s, and that the shift
quality is improved. The impact degree curve also
indicates that the impact degree when clutch releases
increases with the increase of speed, which is because
the driving resistance and deceleration of the vehicle
increase with the increase of the speed. The
engagement impact degree of the magnetic powder
clutch is maximal when the vehicle with MAMT starts,
which is because the speed difference between the
drive part and driven part of the magnetic powder
clutch is great under the starting condition.

gear

2 14 16 18 20

=
T

impact degree/ m/s™
]

%3

2 4 [ A 10 12 14 16 18 20

Fig.11. Continuous upshift simulation curve of vehicle
with MAMT with a throttle opening 80%

The starting characteristics simulation curve of
magnetic powder clutch under the starting condition
with a throttle opening 80% was as shown in Fig.12.
The simulation showed that the synchronization time of
clutch is 1.3s, which is consistent with drivers' intent
that the vehicle starts quickly when the throttle opening
is large. And the compact degree under this condition
can be controlled in the allowable range.
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Fig.12. Starting characteristics simulation curve of
magnetic powder clutch

The simulation curves of fundamental shift rules
and comprehensive shift rules under the same condition
were shown in Fig.13. The results showed that using
the comprehensive rules can reduce shift frequency and
unnecessary shift.

I

40

gear

80 100 120 140
time/s
a) Fundamental shift rules

20 60

gear
[ +=

i

120

20 40 60 80

time/s

100 140

b) Comprehensive shift rules

Fig.13.

6 Conclusions
In this paper, a new type AMT system with magnetic
powder clutch (MAMT) was studied based on
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traditional AMT. The fuzzy controller for vehicle
starting and the fuzzy controller for engagement control
of magnetic powder clutch when vehicle shifting were
designed in this paper. And the intelligent control of
magnetic powder clutch was realized when vehicle
starting, shifting and parking. The factors influencing
the shift rules were analyzed. The comprehensive shift
rules were formulated based on the fundamental shift
rules. The simulation model of the whole vehicle with
MAMT was built and simulated off-line. The
simulation results showed that the intelligent control
model of the magnetic powder clutch was accuracy and
the comprehensive shift rules was effective.
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